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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of light-emitting element capable of efficiently 
cutting with high precision a wafer comprising a III— V 
compound semiconductor layer, as well as a light-emitting 
diode, and a semiconductor laser element. 
SOLUTION: A wafer 2 has an n-type semiconductor layer 
17a and a p-type semiconductor layer 17b made from III— V 
compound semiconductor laminated on the surface 3 of a 
substrate 1. A laser beam L is radiated with a converging 
point P set inside the substrate 1 for forming a modification 
region 7 by muitiphoton absorption. A cutting start region is 
formed inside a laser beam incident surface of the substrate 
1, at a prescribed distance from the incident surface, along a 
planned cutting line 5 for cutting the wafer into chips, with 
the modification region 7, and the wafer 2 is cut along the 
cutting start region. 
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rymc^ia»?> sizs^jRja-rs (S3. 02 

1) 0 12 50K^ pS**ftIl 7 b so 

1 7 b ^S^^fSi: ^§ J: ? t ^ 

te. «>xA2^f7m»SIUctOl2 5^Sffl± 

su\ ai?ae>, ^oxsic^3i/^T»2 s^iSB^u 
-If JfcASffifc ura^ 1 rt»^i^-y«»iHirr* 

abtLSt^fil Ort»fcA«tS 
[0 0 5 8] afe N XyfV{%Sfctt9iy hxyf 

y^WF7^X7f>^§^ JB2 5*jg*rs 

LTttma u yiww«Sia§x7fy^ 

^*yx^>? (RIE)s EJ«tt^*>e-Axy 
(rib), ^*y5yy^ff*5c Sfc^ » 

2 5^M1"^l^t^ x^fy^fcfeMitf^u 50 
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[0 0 5 9]&^ 9xA20i«10fl»te, 12 
5K:»^T«WffijS««*^« , rS (S5, 0 2 2) 0 
ira*>t5. »2 5 0JCT*l^1f3tWMHfcbTn5!* 

[0 0 6 0] c<:T\ il 01 4te3^*X7cU— 

ifinxSBi ooafflv^T9x/\2fc«WB^«W*JB 

JgJKfc*l/^Tx «>xA2^ if AOX^B 1 o o o4S 
Wi$l 0 7tC N ^^N2<DpM¥*f*JIl 7 b«©ffitf 

Mffli/yXi 0 5fc«ifrr**5»ciaisn»o <ra 

l^U%Ltt. ^xA20pI¥»#il 7bi 

[00 6 1] 01 4&tfHl 9«#H8*rSt. S-Tx S 
« 1 2Kf nffl¥WMI 1 7 a03e»iRWtt*BRSb*^ 

XttBWR05l>av^»»0 l*"-if t£ L If 3t 

an 0 1 ^a^rs (s 1 0 D o a^o N c(?)i/- ifjt 

L&^/N2 0pS¥»f*JSl 7 b«frSBa»^n*e: 

^ta^fc^. ^^/N2tosffi2 1 icm^irmmsiCDm 

[0 0 6 2] *R,vt\ XfilStfna^VfMBl 7 aO 

?snaicD»»««j*srr s cs 1 o 3) 0 cn«. 125 

©^^6m^K«fl«©Bfaofi«k: 9 s » L ©SI 
3t^P*-&*>*S/£:«)^ l2 5 0»fift5W 
if Jfe L <DHWb£ P bfc * \ 2 <0 Z tfc^fRj^ 

[0 0 6 3] ^^N2^L—if*nXSBl 0 0<D«B^ 
1 0 7Jc^x/N2 0SS4 3^*)tMUvXl 0 5ffl£;kf 

ffi) 1 e^^^T T >^^>2o*ffi4%^'r^ (s 1 0 

5) o Wre*nfc^x^2U:45»*»2 5<0fiH*J|« 
*? l 2 l Jc«k DHtt^rSo' HH»*F 1 2 1 Uicfc 

a HTzmmf— z imm^T-zmm^ 1 2 5 teg en 
coa^— ^jc*-^v^T»#r f — *«a»i 2 5 
mmmytmi 1 7 ort«^^^^ x./n 2 <dp 2 

5oj^fc{«t-s<t5a«i^-r--***»'rs (si 

0 7) o 

[0 0 6 4] c0feSf u ^^Xr-^JW 1 1 5 lc 
l?>Wo Xr- e?fM»»l 1 5 l(DMt-^^ 
»cLTZ«Xf-y*l 1 3«ZHS*lSlO»«ia*8 

(s 1 09) o m^<fcD, w^ffl^asi 1 7©rt«» 
oft^xA2(Di2 soitfflicfiwrso a^ a 
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fcv*— £4B3S8Bi 2 5«ff«7*--*fc:S-3l,vt\ 82 5 

i 2 9»csie.n> cwctt)^— * 1 29^12 5#3fi 

[0 0 6 53 ^MffllSPl 2 TfCti^X-T-^yS 1 0 
Sat-r-^WX^-^iWWWi 1 5fcS!5*i5o X:r- 

3tL (omytM p <D&mtmM 1 ©^$^112 5 © 10 

3fc«k9^jL^2fcZtt#falcigi&£'£5 (SI 1 

1) c 

[0066] m^x, is— if mm 1 o 1 yyth 
nnrrs. u—*fjt l ©tMPtias i <opm\c®m 

(o&nmg. 7 i2 5 commjjfa<r)<m £ t> t« < 20 
<r>mmm, 12 5©ts, stfa^irtgpo*^?©^ 

[0 0 67] Mt^T, 82 5lcr^o£5lCXm*T—*J 

1 0 ~J 1 1 1 ^ft^-frT, 82 5fcfp- 
•5 *'5fcB$tSffi«7^*^^;'r5*\ £3l,Hi82 5 

mmmMmm^mmi conmmm^^ (s 1 1 3) „ 

[00 68] Cct\ St>*Hl 8*0mt%t, 30 

02 3) o ^=5:*^ x^XAVFt-^2 3^^xa 

WmZftZx, C<D!l^ — fl&WfcnM^&JIl 7 at* 
»g l <fc t> fe^Hci»v^(DT\ mm l fc^TOr£*i& £ |BJ 
mic, 82 5<Dj£Ht*ffil tcDPimil&SnM***;! 
1 7 a^ff^nSo <KD<J;'5tbT^a:>'N2^l9T^ 

«1 1 7 aRtf pl^jgWi 1 7 b £<r>miCp 
#-r5^^V*-F3 1 ;E)«2n5« &*5. SBt^f 
•Y^-— F3 1 taoTV^!2 5<DJgmicli, i&Btc/S 
CTnS^#:jll 7 atC«»$fc:;jr«£fl3tt*£|S 

[0 0 6 9] ^KBJbfcfc^t, 

3;SIS7T-fe-5t, 13$M^:/5t^;fc«W;g 
^M^^^f^ C £ T*€?, S« 1 so 
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V x. > \ 2 ^ «Hf fifr J; < -T £ £ t tfX% § 0 
[0 0 7 0] Scfc, ^x/N^iffrS^C^I^- F£V 

■So 

[007 1] ttft^ *HSfi^MtC«S^«?CDS3t7u 

Iff^-l-yS aSTnWlftl 1 7 aRtfpM^ 
mfami 7 b£!2 5^^-T5Cfc*W*LV^ c© 
S3t^Sfc<fctl{±\ ^x/N2^ifLT^5tl?»^ 
F 3 1 CD n^^^H 1 7 a iC«S«e^S« 

Sct^tfS. 82 5^r^L*I/^«^-}C« N 

1 7 a fcin^T pM^SE^H 1 7 b fclUBf fcl2JW 

[0 0 7 2] *fc, 

2 ±te3BB£Snfc«IBrRe^'f V 5 *SHfe:BaK-r s c 

[0073] ^mmmcffizmtm^omsft 

miC^Xit. ^xA2t£l2 5*MtSifc, 82 

fc, 82 5 ©j£Sfcfe^ 5 i^-if jfe l cD»a*©5 <r c t 

[0 0 7 4] S?£, *HSa^^fc^S^*?<D^3t^ 
ffife:*^Ttt, 5»I«7^Mt2i£, 82 5©S 

ttmzL&m-tz>jjfa<D*mMm7 <omfes 8250a 
u— *f?t l%12 5 •? *>w.^mmu:*M? 

%C£X*®.$mt£7%:J&l&X%Z><DX', 82 5©JSH<D 
p 17btf U-if Lfc<fc f a«f 5 C fc % 

[0 0 7 5] %35, Sffi 1 OK® 2 1 if^AW® 

*Iii74Mltfej:v\ co«fc-5fc-rn^s 82 
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5 cDj£ffi*>m^ E ©S& fc J; t) *f ft L © A#f tcj® 
J^^TS'jT^, ^ia2©I«1 ©F*j33f;:e$cSt 

t>, a«l©«ffi2 1 ©iS^jpjg^^gie^^ 
•n^-g-tf&So <:©J;-5:S:*§#^ M£l©*B2 1 

imrnt & & h lt ^ e> i^— if * l * Awrn 

*5, c © £ 5 fc®R 1 ©*ffi 2 1 £> L =&AW 10 

[0 0 7 63 02 4 W\ **SBB«6fe:J:«^aR?o8a 

M^iis a« 1 ©rtSPfc^T. S«l ©JP^TsIrJMS 
7 «B«"TSo 3**0*7 

T'S 1 1 1 i^N^Ztt^lftfc^ift) tJX-^-yys 1 
13 (3««#©J&S) fc*3SSfclH»liIff^fcJ:v. 
Sfe. 9i/N*Z**iftR:»»^SO£«fl(««©JBJ« 20 

[0077] *®g«o <s ^ KttjnwK 7 ^^g-r § C 

^©ft^Bt^TT^i^^^lTSe: t £>T* 
[0 0 7 8] 02 5SO*02 6l± N ^SSJgMlC^SJg 30 

[0 0 7 9] 02 5%#M-T5t, 
5^xA2ati, U-7r^7^4Sifil^ *K 1 
©*ffi3±fcWi«ft;fc® 1 ili^ftlT-2&5ni 
*WW**3 3at nlfifti 3 3 alOHISW!: 
rg'ttS3 3 b gttJf 3 3 b±fca)i*tl^2*» 
S^NMMI"P**pS*S»fMi3 3 c imt^S. 
3jg©B«fc* VT. n 3 3a. jgttS 3 3 40 

b, Rff P a¥#ftl3 3cli, WfctfGaN&HOII 
I - V #?{b^^#jb>£ IfftpSMMt 
Tl/^So ^*3. &m : l&Mfcj3l}Z>V^s\2 afci\ 01 5 

atfBi 6fc^*ti^±ia*i*mi©^j:> f N2 tmm<D 
[0080] ^mzm\t.&&mm^<r>wmftmT:\.t, 

£f\ ^i^2 a ©KB 2 1 fCX^X^V Fir— 72 3 
SrftliSo ^LT, >^x/n2 aO P I^#;l3 3 cfflj© 

V 5 (016 #M) fcfcioT. SHxfi 3 3b so 
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lts« i feata^sK, pm^mwm 3 3 

c*6n^ftl3 3 a<omtp%T<Dm-ZlC%iZ>&5 
Sfcs C©£^ M2 5©fflj|Sfc.fc-pT. 
)Sffil3 3 bt«Sl3 5*«3tl5. «ffiffi3 5 
tt. ?SttI3 3b^RA,T'2ffiMStls C02WI 

[0 08 1 ] «ft">T, S2 5©Jfflff&U— *fftA*fB£ 

bras i ©^©mto&Pfc: i—ifftL *rawrs c 

Mt5„ ^LTs 02 6fC^nS*^^. X^X/^ 
VF-r-:? 2 3 £fc:<fctK ">j:A2aM 
jS£1Btti<:» T 7- y TtffcSJSr L » Ix-tf 
3 7%tl5o 

[0082] ^m&MK&vnznztmftis-irm? 

3 7m>m fxA2 aOHl OrtSlte^fc?® 

a® i &w!8mjmmzmvTtiMm'i^-&t>T*mr>T 
wstiSo ^lt, a«i ifwm^^^>5icm-3 

1#13 3 afc«Sr^9^V5fc»oT«Wr£*l«. 
IftibT, III-VSS|{t-&«ft»6ft»nS!#y»«:»3 
3 a*WrS»>j:/N2jb'lS[Sf«jb^S&sp<S<-eJ»f^tlT 
*^^nfc^f*:l/-1f«?3 7 eit^T?* 

[0 0 8 3] Sfes *S^MfcJ;>)ff5n5^ftl/- 

If*^ 3 7 fcfeVTtts ?Stt» 3 3b «MW-T« ttt 
tl* C fc <fc o Ts n 33at »^C«lC»M 

sn§*v- Fmis©7ti6©x^— x^^^na 1 1 

fc, U— 9^SK©ftftO#aSS.3 5 «%Ht* 3 3 b lc 
mtfL-znZx, ^43, l2 5SML4v^ti:li, g*g 

113 3 atcAD^T?gtte3 3 b&tf P S*i#l3 3 c 

[0 0 8 4] VL±, *^(0mmf&RTf2ffifflt£-O^ 

[0 0 8 5] ±sB**®mtfS»MT-«. ««©#« 
t vxv-y r * rttm ^.t v\s «\ c t> , ix. 

IfSiC, Si, ZnO. A1N, RZfG aAsTO 

tlJimfc:^ G aAlAs, GaAlAsP. G 

a A 1 I nP*£©III-VMfc-^&fflV->3C£#T? 

[0 0 8 6] III-Va5eft-& i ftO**»tft>«>I^.«* 
1 nxA IyG ai-x-v N (X^0, Y^0, X + Y^ 
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1) tlZ£5 fttttll 1 1 - V mit-£$!S (Ga 

7is±tsi?n5 c t y-yr^T «*v as© 

Rt/ffiftflSSRHI- V jjefb&ftrt^ GaAsSH fcJt^ 
T»Htt*VhS < , W fF£K l ft if fcffi^Sfifc^W * 

■n\, t£oT, ^7r-Y7 , SS±l«:afl:«0RlII-V« 

[0 0 8 7] ±K*SBg«Rtf*Wff!Ilc43»Si!!c 

Tt±V\ 027 (a) ~ (c) ±CLfcStaBgJ» 

— #9*3*"rHT?a&S.' H2 7 (a) fcj3RStl£<fc 

^xAZOpS^Nfftll 7 bIiDlk:r'-^2 20 
4^IiS§„ ^LT, 02 7 (b) {C^tlS«fc-5lC, a 

ffi 1 ©«B2 1 *w«lt, mm 1 < -r 

5 0 CiDtf, ^x;N2«:gffi2 1 Mff-kl^TfetK 

027 (b) &mffitte±Tm<Dmic%:-oT^&o 

X, 02 7 (c) lC7jk-£tlZ>&5lC, f-?2 4«S 
U ©SB2 1 ti*X;^Fr-y2 3£rft5 

[0088] aswaaa»»^*&tefci\ s*t^«©T-r 
[0089] sfc, iienM^mt^^MT-a, *m 

t?H 2 niWortiK 

[0090] icfe, ±f3*M^M^«. «WnejSi««3{A 

SftHff&S,, 
[0 0 9 1] 
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£ffi*fc?& o T J±««/Jn £ ft 7j i?»J o TSJWT 5 tiff 

nscfcteit). asfR±fcStiB*nfeiii-vsiffc-&* 
[0aoffi#ft§jBj] 

[0 1 ] u— *finx4>©®& 1 offfiB?S2o 
[02] mitemTmmvn-imicfc-DrcvmmTZo 

[0 3] ifADIt*©a«<D¥ffl0TfeS„ 

[04] 03 fc^'ra«©iv- iv»fc?ao rcwmmxm 
[05] 03 fcmmmT°& 

o 

[06] «K5tlfc:aS©Tffi0T*a&§o 

[0 7 ] *ia»K*T?jBir->s ^imiLfsm^iif^m 

[0 8 ] #SB»BMrcEtr , 'S u— »ffinX75rffi€>S 1 x@ 
[0 9 ] *mffimmvm^& i^—if *ni#»<o» 2 ig 
[010] ^e^j»Tffl^»wifanx*aoas3x 
[011] **flBK»T?fflv'«si^-iffinx^£©fli4X 

[012] 2t^St^SRT»fflv^Sl^->fiQX*jSfcJ:t)« 
Lfc0-pSS„ 

[013] ^aaft^Jft-efflVS U— ♦finx*S*fe:*W-S 

[014] y"ilOI«S©«EB&^0-C^5 ( , 
[015] *S©BgJI6te«««3ieR ; f€HlB6?5tSlcl3V> 
Tffl v»6 ti» 9 x/v&^f§ffi0T?;S 

[016] 01 5lC^tlfOx^N©2pffl0T?2&5 o 
[01 7] 01 6fc^tl7 v c:'>x>'N©VI-VISfSS:tJVI 

i-vii®fB^-ri£^:0T-aB5o 
[018] 2f^lgti^^«s^7t«?o«BS^S^UiW 

[01 9] 01 4te^stufcw- *ftiajMW*m^xt> 

[02 0] ^^©^it^ffi^^-TSfc^Ox/N 
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[02 3] ^^©^^^B^-rSfc^O^i/N 

[024] *mn : mmic£z>¥£Km?(omm:jjm<Dm& 

[02 5] *^Stm^j;§^m^Kjt*fet©SiJ<D 10 
[02 6] **^^^<J;S^«?(D«!it*S(DSijC> 
[02 7] ^^/NCDa«©K®^W«-rsS-jSO-^y^r 
[??F^<DSiBJ] 

1 -g«t. 2, 2a-^i/V 3. 4-«S. 



1 1 • ->'j3^x;v i3-mmmmm 

17a-ni^M 17b-pS«ftI, 1 
9-*'JI^f-i'3>77yh, 2 1 -SI, 2 3- 
2 2 5-E 3 1- 

SS«*V*-h\ 3 3 a- -n 3 3b-ffitt 

3 3c-pl^iftl, 3 5-«m 3 7 
# l^-1f , 10 0- 1— If ftJlSMx 1 0 1 - U- 

If^s l o 2--l^if^M»a&. l o 3-^V^n 

-fy^S^— •> 10 5-Mffll/VX 10 7-ii 

10 9-XiXr-^ 1 1 1 -YttX^— >\ 1 
1 3-ZttX-7"-5>\ 1 1 5 -X-^-S^ftiJffiJgp. 1 1 7 

-**ffljfeau 1 1 9 - i 2 i -a 

gPs 12 7-i#«»9, 12 9-€^ L -P-lf 



[01] 



12] 



[03] 




\ / 



7 P 



— 1 




[04] 



[05] 

7 



[06] 



— 1 



4 



***** — 1 



[0 9] 




(13) 



#|f| 2003-338468 



[7] 



CH8 3 



300 



250 

vjl 

$ 200 
% 100 



3 



50 



OX50(N.A=0.55) 
• X1Q0(NA=0.80) 



0 1x10 11 2X10 11 3X10 11 4X10 11 5x10 11 6X10 11 7X10 11 



ll 0] 



J 



21 

[012] 



1 1] 



A 



9 9 



9 P 



1 5] 




'1 19 



[017] 
4 



.17b 
-17a 



11 



13 



7 

21 



18] 



QPpT) 

I _ 



O*' \ l=x*X/ *>Kt— 



I 



I 



1 



-S1 



S3 



-S5 



-S7 




(14) 



4#M 2003-338468 



[HI 3] 




950 1000 1050 1100 1150 1200 

26^:(nm) 



[HI 4] 




113 
111 
109 



100 



129 



127 



115 



[020] [02 1] 




(15) 



#di 2003-338468 




[019] 



( safe ) 



S101 



S103 



S105 















1 






^^teSfCt7X/\^Z|4^|Rl{^©I 




1 






^x/ \©s«© i^spi^^isE^^fiit-r^ 




\ 


f 



-S107 



-S109 



-S111 



S113 




(16) 



#BB 200 3-338468 



[02 6] 



[02 7] 



37 37 37 

/ 33a / / 

35 35 V? b 35 35 

33b-. 33c / \ | ) 33c / ^ 33c 33b 



33a 




33a 



1 21 



(a) 



(b) 



24 

17b 25 17b 25 ) 17b 

LjJLdJji . 



-17a 



21 



24 



17b 25 17b 25 ) 17 



i t ;t t 



7b 



21 



(c) 



17b 25 17b 25 17b 



/-17a 



-1 
-23 



21 



(51) int. ci. 7 

// B 2 3 K 101:40 

»ras^tBrpmi?Kri i26Sss<o 1 sub* 



F I (##) 
H 0 1 L 21/78 B 

F^— 4E068 AE01 DA10 

5F041 AA31 AA41 AA42 CA40 CA46 

CA75 CA77 
5F072 AB02 JJ08 JJ12 JJ20 PP07 

QQ20 RR01 YY06 
5F073 AA74 CA02 CA17 CB05 DA23 

DA25 DA31 DA34 DA35 EA29 



